Objective: To evaluate potential effect modifications on the association between BMI and thyrotropin (TSH) by smoking, race, and menopausal status among euthyroid women. Methods: A cross-sectional population-based study was carried out in the city of Rio de Janeiro, Brazil, in 2004Brazil, in -2005. Households (1,500) were selected using three-stage probability sampling. A sample of 1,084 women aged 35 years or older and with TSH values within the reference range (0.3-4.0 mIU/l) was investigated. Weight and height were measured at household and blood collected for serum TSH and anti-thyroperoxidase (anti-TPO) antibody analysis. Results: Overall, BMI was positively and significantly associated with serum TSH ( = 0.87; p = 0.001). This association was modified by smoking, race, and menopausal status (p < 0.05). Adjusted regression coefficients were 1.78 versus 0.58 comparing smokers with non-smokers, 1.39 for Blacks compared to 0.79 for Non-Blacks, and 0.70 for women in menopause compared to 1.04 for premenopausal women. The percentage of high anti-TPO (greater than 35 UI/ml) was 8.8%, and the association between TSH and BMI was no longer significant in this group. Conclusion: BMI was positively associated with serum TSH specifically in its normal range, but only for those women who tested negative for anti-TPO. Smoking and race are negatively associated with anti-TPO, possibly explaining the effect modification observed.
Introduction
Although overt thyroid dysfunction is associated with weight changes, recent reports on the relationship between BMI and serum thyrotropin (TSH) in euthyroid subjects have shown controversial results. Population-based studies carried out in Denmark and Norway demonstrated a positive and significant association between BMI and TSH in subjects with normal thyroid function [1, 2] . In contrast, studies performed with euthyroid subjects in Australia and the UK found no significant association between BMI and TSH [3, 4] .
A possible explanation for the lack of association between BMI and TSH in different studies is the influence of factors such as smoking and race, which could modify the relationship between BMI and TSH, mainly because these factors are associated with the presence of anti-TPO [5, 6] . We did not find any study in the literature which controlled for both smoking and race when investigating the association between BMI and TSH.
Few studies have evaluated a possible effect modification by smoking on the association between BMI and TSH. Nyrnes et al. [2] in a population study in Norway, reported a positive relationship between BMI and TSH only among non-smokers. On the other hand, Makepeace et al. [3] , in a communitybased study performed in Australia, found no significant association in any of the smoking groups.
Race is independently associated with serum TSH, as shown in a population study performed in Brazil [6] . In this study, TSH levels in Brazilian Black women were 22% lower than the levels of their White counterparts, a statistically significant difference. In addition, other reports found higher TSH levels in White people [7, 8] .
Also, there are no data regarding a possible effect modification of menopause on the association between BMI and TSH. Race and menopausal status are associated with BMI, with a higher prevalence of obesity among Blacks and among postmenopausal women [9] , indicating that all these factors could be important confounding variables along with age [10] .
In relation to menopausal status, postmenopausal women treated with conjugated estrogen showed an increase in TSH levels during a 6-week treatment period [11] . Moreover, a study in ovariectomized rats showed an increase in TSH concentrations when compared with animals with intact ovaries [12] .
We therefore aimed at evaluating potential effect modifications on the association between BMI and TSH by smoking, race and also by menopausal status.
Material and Methods

Sample Design and Subjects
A population-based study was conducted in the city of Rio de Janeiro, Brazil, in [2004] [2005] . From a sample of 1,500 women aged 35 years or older, 1,298 agreed to participate. Details of the study have been previously published [6] . Sample selection was based on a three-stage cluster design. In the first stage, 100 primary sample units (PSU) were selected by systematic sampling with probability proportional to size, based on the operational geographical units of the Brazilian 2000 Census. In the second stage, one woman was selected from each household. Pregnant and lactating women were not included. For the present study, we excluded women with either hyper-or hypothyroidism, i.e. women presenting with TSH values greater than 4.0 mIU/l or lower than 0.30 mIU/l. In addition, women reporting treatment with thyroid hormone were excluded, leaving 1,100 women for analysis. In 16 women there were missing values for BMI, yielding a final sample of 1,084 women.
12 women were taking drugs that could affect thyroid function (amiodarone (n = 7) and lithium (n = 5)). These women were not excluded because their serum TSH values were within the normal range of TSH.
Measurements
Serum TSH was measured by microparticle enzyme immunoassay (Abbott Laboratories, Abbott Park, IL, USA). The assay had a variation coefficient of 10% and a detection limit of 0.05 mIU/l, with a normal range of 0.3-4.0 mIU/l. Women were also tested for presence of anti-TPO by chemiluminescence (titer > 35 UI/ml; kit: Immulite, Los Angeles, CA, USA).
Free thyroxine (T4) was measured among those women with TSH > 4 mIU/l. Overt hypothyroidism was defined by serum TSH values greater than 4 mIU/l and serum free T4 < 0.7 ng/dl. Subclinical hypothyroidism was established by serum TSH concentration greater than 4mIU/l and lower than 10 mIU/l with normal value of free T4 (T4 0.7 ng/dl).
Body weight and height were measured by trained interviewers using standardized protocols [13] . Weight was measured to the nearest 0.1 kg using electronic digital scales (Plenna ® ), and height was measured to the nearest 0.1 cm using a portable stadiometer (Seca ® ). BMI was calculated as the weight (kg) divided by the square of height in meters (m 2 ), and the World Health Organization classification [14] was used to categorize subjects as either overweight (25.0 < BMI < 30 kg/m 2 ) or obese (BMI 30.0 kg/m 2 ). Other variables analyzed included age, race, schooling, income, smoking, parity and menopausal status. Race was defined by the interviewer based on observation of the subject's skin color (White, Black or Mulatto). Smoking exposure status was determined based on the interview, and subjects were categorized as 'never smoker', 'former smoker' (those with any past smoking exposure) or 'current smoker.' Menopausal status was defined based on self-reported information. Women were considered to be in menopause if their menstrual periods had ceased for at least 1 year [15] .
Statistical Analysis
Linear regression models were used to evaluate the association between BMI and TSH as well as possible effect modifications of this association. Although univariate analysis did not show any association of TSH with age groups, advanced age was associated with low levels of TSH. Thus, adjustments by age as a continuous variable include a quadratic term of age. Race, smoke, and menopause were considered as potential confounders and effect modifiers of the association between TSH and BMI; therefore, analysis was stratified by smoking (yes/no), menopausal status (premenopausal/postmenopausal), and race (Black/ Non-Black). Additional analysis stratified according to presence of anti-TPO was also done. All statistical analyses were performed using the survey procedure in the Statistical Analysis System software, version 9.1 (SAS Institute INC., Cary, NC, USA) taking into account the sample design effect. Logarithmic transformation of TSH was applied for linear modeling.
Results
The mean age was 53.1 years, with a standard deviation (SD) of 11.7 years. The mean BMI was 26.6 5.38 kg/m 2 . A high prevalence of overweight (33.5%) and obesity (22.0%) was observed. The mean serum TSH was 1.7 0.85 mIU/l. Table 1 shows the association of TSH with other characteristics of the study population. TSH was significantly associated with race and smoking status among euthyroid subjects. 44% of the women were White, and 16.8% were Black; the proportion of smokers was 23.0%, and 52.0% of the women reported being in menopause.
Due to the quadratic associations found between age and TSH (table 1), analysis of menopausal status also included the variables age and age squared. TSH was significantly associated with menopause after adjustment for age and age squared with a p = 0.007 (data not shown).
Overall, a positive and significant association was found between BMI and serum TSH ( = 0.90; p = 0.02). This relationship remained significant after adjustment for age, age squared, race, smoking and menopause ( = 0.87) (table 2).
This association was highly modified by smoking, race and menopausal status, as shown in table 3. Smoking was the strongest effect modifier of the association between BMI and TSH. One unit increase in the log of TSH (about 3 units of TSH) was associated with an increase in BMI of 1.78 kg/m 2 . For a woman with a height of 1.60 m, this increase corresponds to a difference in body weight of 4.5 kg.
Additional analysis stratified according to presence of anti-TPO revealed a positive and significant association between BMI and serum TSH among women negative for anti-TPO ( = 1.00; p = 0.006). These women represent 91.2% of the study sample. In contrast, among women with levels of anti-TPO greater than 35 UI/ml the association between BMI and serum TSH was no longer significant ( = -0.75; p = 0.37). We Obes Facts 2011;4:175-179 BMI and Thyrotropin in Euthyroid Women 177 also found no association between BMI and serum TSH among women with subclinical or overt hypothyroidism (data not shown). The exclusion of the 39 subjects with a history of thyroid disease did not affect the results (data not shown).
Discussion
This study demonstrated a small, positive and significant relationship between BMI and serum TSH within the normal TSH range. In line with the present study, an association between BMI and TSH has been found in euthyroid subjects of recent population-based studies [16, 17] .
However, the potential effect modifications on the association between BMI and serum TSH by race and menopause have not been previously reported. In this respect one strength of our study was the large population base as well as the ethnic mixture of the Brazilian population, which allowed for evaluating the effect of race on the relationship between BMI and TSH.
The plausibility of BMI-TSH relationship has been documented in other reports [18, 19] , based on the many associations of TSH with hormones controlling weight change such as leptin, insulin and adiponectin [20] [21] [22] . In addition, recent studies have shown that high levels of leptin are associated with development of autoimmune thyroid diseases, increasing the risk of subclinical or overt hypo thyroidism [23, 24] .
Although, our findings do not support the hypothesis that the association between BMI and TSH is mediated by a hypothyroid state, we found the strongest association between BMI and serum TSH among Blacks and smokers. (n = 187). To our knowledge, there is only one published study that evaluated the possible effect modification of race, but the study sample was predominantly Caucasian (330/401), and no correlation was found between BMI and TSH in any skin color group [4] . Of the three effect modifications studied, menopause was the factor with the smallest effect. We expected that the association between BMI and TSH was higher among postmenopausal women [12] , but we only found a small effect when compared to premenopausal women. A possible explanation is that other factors such as reduced energy expenditure in postmenopausal women are stronger for weight gain, blurring a possible effect of TSH.
Limitations of our study include the fact that free T4 was only measured in women whose TSH concentration were out of the normal range; furthermore, free triiodothyronine levels were not measured. However, serum TSH concentrations have been considered the most sensitive marker of thyroid function [26] .
In conclusion, BMI was positively associated with serum TSH, especially in the normal TSH range. Smoking and race were strong effect modifiers of this association. A possible explanation are the changes in thyroid antibody levels as a function of race and smoking status. Future studies should take these factors into account.
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in these subgroups a lower prevalence of thyroid peroxidase antibodies was observed [5] [6] [7] , and the association between BMI and TSH was no longer significant among women with higher levels of anti-TPO or overt hypothyroidism. These findings suggest that variations in TSH concentration, mainly in euthyroid subjects, could lead to body weight changes independent of its effect on thyroid function. In agreement with this finding, TSH receptor has been detected at the surface of both preadipocytes and adipocytes, and it was shown that TSH can directly stimulate preadipocyte differentiation, thereby inducing adipogenesis [25] .
In the present study, when the analysis was categorized according to smoking status, a significant association between BMI and TSH was found only among smokers. This finding contrasts with those of Makepeace et al. [3] who reported no significant association between BMI and TSH in any of the smoking groups. However, these authors found a negative and significant association between BMI and free T4 among never and former smokers. Our results also differ from those of Nyrnes et al [2] who found a positive and significant association between BMI and TSH only among non-smokers, but the study included a lower number of smokers. In contrast, a recent study carried out in Norway showed a positive and significant association between BMI and TSH among never smokers and current smokers, and this association was stronger among men who were current smokers [16] .
The analysis stratified by race (Blacks/Non-Blacks) revealed a stronger association among Black women; however this association was not statistically significant. This nonsignificant association may be due to the small sample size
